We study kinetic model of Nuclear Receptor Binding to Promoter Regions. This model is written as a system of ordinary differential equations. Model reduction techniques have been used to simplify chemical kinetics. In this case study, the technique of Pseudo-first order approximation is applied to simplify the reaction rates. CellDesigner has been used to draw the structures of chemical reactions of Nuclear Receptor Binding to Promoter Regions. After model reduction, the general analytical solution for reduced model is given and the number of species and reactions are reduced from 9 species and 6 reactions to 6 species and 5 reactions.
Introduction
The classical theory of chemical kinetics is used to show biological processes in terms of mathematical modeling. The assumption is that a model consists of: • A set of reactions V = (v 1 , v 2 , ..., v n ).
• A set of kinetic constants K = (k 1 , k 2 , ..., k n ).
For a general equation with m species S 1 , ..., S m and associated stoichiometric coefficients (the non-negative integers) α s1 , ..., α sm (reactants) and β s1 , ..., β sm (products),each elementary reaction is represented by its stoichiometric equation as follows:
where s enumerates the elementary reaction. The corresponding reaction rate v is given by
where k > 0 is the reaction rate coefficient. It is important to note that the reaction rates depend on the reactants but not on the products [1, 2] . The stoichiometric matrix is N = (γ si ), where γ si = β si − α si , i = 1, 2, .., m . The stoichiometeric vector γ s is the sth row of N with coordinates γ si = β si − α si [3] .
The standard mass action formula is applied to find the reaction rates. The system of ODE describes the dynamics of chemical reactions. The kinetic equations are: this means ( Rate of change of component (A))=(Amount of (A) formed in all reactions)-(Amount of (A) consumed in all reactions), where v A is the rate of formation/consumption of species A in a particular reaction [4] . A simple example of linear reactions is given as follows:
where the reaction rates of equation 2 are defined,
The system of ODE for the above linear reactions is given as a matrix equation of the form:
where
Order and Molecularity
Rate Constant : For a general reaction aA + bB k −→cC + dD the rate is given as follows:
where k is a rate constant or velocity constant [5, 6] . The rate constant for any reaction can be found either by measuring the reaction rate at unit concentrations for ... Then the reaction has a − th order with respect to A, b−th order with respect to B, c−th order with respect to C, ..., and the overall order of reaction is a+b+c+... = n. The summation of stoichiometric coefficients of reactions is called Molecularity of reaction. For instance, for a giving stoichiometric equation: 3A + 2B = C + 4D, the stoichiometric coefficients of A and B are 3 and 2, respectively [5] . Therefore, the molecularity of the reaction is 3 + 2 = 5. The rate of complex reactions (multi-step reactions) is determined by the rate of change of product (the rate of increase of product). The order and molecularity of a reaction have not a simple relationship. If we have a reaction which occurs in two or more different steps, and it gives overall the same reaction then the order and molecularity of reaction are different. Let give some examples to differentiate between molecularity and order of reaction. For example, consider a reaction in two steps:
Step 1: Fast I + B k 1
−→P
Step 2: Slow A + 2B
Note that, the rate of complex reactions (Multi-step reactions) will depend on the rate of increase of product. Therefore, the rate of product is expected as follows
and the rate of intermediate species I can be given: 
As a result, the order of reaction would be one with respect to reactant A and two with respect to reactant B, and the overall order of the reaction is 3. On the other hand, the molecularity of the above reaction would be 1 + 3 = 4. Thus, the order and molecularity of the reaction are not the same. Another example is the reaction of cane sugar:
the reaction rate is given as:
This reaction looks like second order, first order with respect to any reactant k −→P the molecularity of the reaction is 2 + 4 = 6. If the above reaction occurs just in a single step, then the overall order of the reaction is 6 because the reaction rate is:
. Thus, the order and molecularity in this reaction are the same value.
Model Reduction
Transformation of the system (1) to another system is called"model reduction" in which the new system includes smaller number of equations without affecting dynamics of variables [ [7, 8, 9] . We apply some techniques of reduction to the system, reducing it to essentially fewer species and reactions. There are some model reduction techniques which have been used to simplified the model.
Methods

Pseudo-First Order Approximation
In this technique the order of reaction is smaller than the actual reaction order. This is sometimes happen for a reaction with two or more reactants. If one reactant is present in large excess, its concentration change is negligible small [5, 6] . Therefore, the reaction rate becomes independent from this reaction. Consider a reaction
with reaction rate:
This reaction is first order with respect to A and first order with respect to B, and overall is second order. 
and two of the reactants are present in large excess, let 
0 As a result, the reaction is called pseudo-first order approximation. Generally, consider nth order reaction
and n − 1 reactants are present in large excess.
do not significantly affect on the reaction rate (Equation 10), and they remain constant
.., n − 1). Therefor, the rate equation 10 would be considered as a linear equation:
Thus, the reaction is called pseudo-first order approximation.
Removal of approximately linearly dependent concentrations
This assumption is that if we have two species B and C in a model, [B] and [C] are approximately linearly
, then one of them can be neglected from the model [10] . For example, for the parallel reactions [6] :
and the system of ODE is given:
with the initial concentrations:
The analytical solution for equation 12 with initial conditions(Equation 15) is given as:
Substitution of this equation for [A] into the equations 13 and 14, then by straightforward integration, we obtain:
and 
with reaction rates:
Dividing equation 20 by equation 21, we obtain:
Thus, v 1 and v 2 are linearly dependent, and one of them would be neglected from the model.
Nuclear Receptor Binding to Promoter Regions
Nuclear receptor Binding to Promoter regions consists of 9 species and 6 reactions (See figure 3 and table 1 ). This model was presented in previous study [11] . In this work, we suggested a mathematical model for the chemical reactions, and we then simplified the model by using the technique of pseudo-first order approximation. The reaction rates in this work are based on the stander mass action kinetics. It means that mass action formula is used to find the reaction rates. The reactions of the complete model and reduced model are presented in tables 1 and 2, respectively. Celldesigner has been used to simulate the concentration of the species.
Mathematical Modeling of the Nuclear receptor Binding to Promoter regions
The chemical network reactions of this model ( Figure  3 ) can be written as a system of ordinary differential equations. This means that the mass action formula is applied to find the reaction rates for chemical kinetics ( Table 1) . Thus, this model is given by the following system of differential equations:
where the reaction rates of the above equations are defined as follows: 
where 
Results
In this work, CellDesigner has been used to draw the structures of chemical reactions of Nuclear Receptor Binding to Promoter Regions (NRB) (Figures 3 and 4) . We use the value of rate constants (Table 3 ) and initial concentrations (Table 4) to simulate of concentrations. The simplification of reaction rates is mainly based on the technique of pseudo-first order approximation. We presented the results of this work as follows:
1. Simplification of kinetic equations based on pseudo-first order approximation: It is noticed that the concentration of hsp90 : N R over all is greater than the concentration of hsp90 : N R : Re and hsp90 : 2N R : Re, respectively (See figure 1) , and the concentration of L : 2N R is also grater then the concentration of L : 2N R : Re (See figure 2 ). This means: 
Reduced model of Nuclear Receptor Binding to Promoter Regions
The model of nuclear receptor binding to promoter regions is reduced after applying the above techniques of reduction. The simplified model includes 6 species and 5 reactions ( Figure 4 and table 2). It can be presented as a system of ODE. This is given as follows:
The system of differential equations (Equations 32-37) can be written as a matrix equation of the form:
The general analytical solution of the system 38 is given as follows: 
Conclusion
Mathematical modeling gives a powerful tool for investigation the properties of chemical kinetics. Methods of model reduction allowed us to reduce the number of reactions and species in the model of nuclear receptor binding to promoter regions.This model is presented as a system of ODEs. The methods of model reduction provide not only faster computational time, but they have a good benefit to make the system simpler, making it easier to understand and manipulate. The technique of pseudofirst order approximation is used to simplify some kinetic equations when one reactant dominates others. We use Celldesigner to draw the network of chemical reactions and to simulate the concentration of species. After model reduction, the number of species and reactions are reduced from 9 species and 6 reactions to 6 species and 5 reactions. 
(e) (f) Figure 5 : The concentration of the species of the reduced model, the general analytical solution, rate constants (Table 3 ) and initial concentrations (Table 4) are used to find the concentrations.
